Summary. Gossypol acetic acid (20, 25 or 30 mg/kg/day orally for 5 weeks) decreased epididymal weight in adult Sprague\p=n-\Dawley rats but the epididymal concentrations of proteins, lactate dehydrogenase and acid phosphatase were unchanged. The concentrations of carnitine, inositol and potassium in epididymal fluid were decreased in a dose-related manner. These modifications were not due to disturbances of Leydig and Sertoli cell functions which were normal. We suggest that the reduction in epididymal secretion results from a decrease in the number of spermatozoa rather than from a direct action of gossypol on the epididymal epithelium.
Introduction
In the rat, after treatment with gossypol for 5 weeks, there is a decrease in the number and motility of epididymal spermatozoa as well as major morphological disturbances (breakages of flagella, vacuolization of mitochondria) (Oko & Hrudka, 1982; Hoffer, 1983; Chang & Segal, 1985; Baccetti et al, 1986) . However, the mechanisms by which these lesions occur are not clear. Some authors have suggested that gossypol does not affect the epididymis and propose that the anomalies of epididymal spermatozoa are the consequences of an effect at the testicular level during spermatogenesis (Hoffer, 1983) , whereas others believe that gossypol has a direct action at the level of epididymis and that this can occur from the 5th day of treatment (Wang et al, 1986; Baccetti et al., 1986) .
Similarly, there is no agreement about the effects of gossypol on the epididymal epithelium; Hoffer (1983 Hoffer ( , 1985 found no effect but others report major lesions of the epithelium in the cor¬ pus and cauda epididymidis. These include narrowing of the walls of the tubules, thickening of the epithelium, increase in the intensity of staining for acid phosphatase and dissociation of the basal membrane of the smooth muscle layer (Zhou et al, 1985a, b) , focal loss of cilia and cyto¬ plasmic vacuolization (Kaur et al, 1988) . There have been few studies on the modifications induced by gossypol in the biochemical composition of the epididymis. Wong et al (1983) reported an increase in sodium in the epididymal fluid but explained this by an effect on the Sertoli cell. In a preliminary study, we demonstrated a large fall in epididymal carnitine, the con¬ centration of which is closely correlated with the metabolic maturation and the motility of epidi¬ dymal spermatozoa (Soufir et al, 1984) . These results have since been confirmed by Giridharan et al (1987) .
The aim of this study was to clarify the nature, the degree and the regional distribution of the biochemical modifications in the epididymis induced by gossypol and to study the role of Leydig and Sertoli cell functions in these changes. (Menezo, 1976) ai, 1985) and to increase acid phosphatase staining in the epididymal epithelium (Zhou et ai, 1985b) . The procedures of determination were based on an ultraviolet method for LDH (Bergmeyer & Bernt, 1974) (1974) . Briefly, assay tubes contained 156 mmol sodium carbonate buffer/1 (pH 9-5), 3-125 mmol NAD/1 and 002 ml of a suspension of inositol dehydrogenase (EC 1.1.1.8) at Acetylcarnitine was determined using the method of Marquis & Fritz (1965) and its molecular weight. The electrophoresis lasted 3 h (1-5 mA/electrophoresis tube). The gels were then removed from the moulds, cut into 2 mm slices and immersed in 3 ml Picofluor. The radioactivity was then measured with a Packard Tri-carb 460 C counter. The sites of migration of ABP and albumin were noted by the radioactive peaks as these 2 proteins bound to the 5a-DHT.
In-vitro production of testosterone. After decapsulation, hemi-testes from the experimental animals (5 per group) were incubated for 4 h at 34°C in a shaking water bath in 2 ml phosphate-buffered saline solution (PBS, pH 74) with the addition of glucose (1 mg/ml), as previously described ( (Nouzilly) . This antiserum cross-reacts with dihydrotestosterone (60% with 5a-DHT and 20% with 5ß-DHT) and 5a-androstanediol (36% with 3 ,17ß-and 25% with 3ß,17ß-androstanediol). The intra-assay coefficient of variation ranged from 7-5 to 9-5% according to the levels assayed. All samples were measured in one assay.
Concentrations in the incubation media were assayed without extraction as described by Gamier et ai ( 1978) . This had no effect on the results (data not shown). The intra-assay coefficient of variation was 7% and all samples were measured in one assay. The minimum detectable testosterone concentrations were 50-100 pg/ml.
Statistical analyses
Data were analysed by conventional statistical tests such as analysis of variance and t tests.
Results
Weight of testes and epididymides (Table 1) There was no significant variation in the weight of the testes. However, there was a significant decrease in the weight of the epididymis by about 10% in both studies. About 85% of the spermatozoa from the rats given 25 mg gossypol/kg/day were broken at the junction of the tail and the mid-piece. Only 6% of the remaining spermatozoa had a normal appearance, the other 7% demonstrating dislocations of the dense fibres or cytoplasmic droplets.
Both of these anomalies were sometimes associated.
Biochemical composition ofsupernatants of whole epididymides (Table 3) Epididymalprotein concentration and enzyme activities. Treatment with gossypol did not change the concentration of proteins or the specific activities of LDH and acid phosphatase. (6) 294 ± 4-6 (3)
5-81 +0-23(3) 6-14 + 0-04 (3) 6-3 ± 0-3 (8) 1-6 + 0-1 (6) Inositol, carnitine, acetylcarnitine and potassium. The levels of inositol and carnitine were reduced by treatment with gossypol and the decrease was dose-related. The reduction in inositol was less marked than that of carnitine: inositol fell by 16% at a dose of 20 mg/kg/day and 26% at 30 mg/kg/day whereas the respective figures for carnitine were 52% and 69%. The concentrations of acetylcarnitine were not reduced and amounts of potassium were not modified in the caput or cauda epididymidis.
Biochemical composition ofepididymalfluid (Table 4) In control rats, the concentration of carnitine was 15 times greater in the cauda than in the caput. In the animals treated with 25 mg gossypol/kg/day the concentration of carnitine was unchanged in fluid from the caput but there was a reduction of 48% in fluid from the cauda. The decrease in inositol in fluid from the cauda was of a magnitude similar to that found with carnitine ( -43%), in contrast to the smaller change found in epididymal supernatants. In the control rats, potassium was 1-6 times greater in the cauda than in the caput with a difference of 10µ 1/ 1 (ng/ml) (9) (20)
In-vitro testosterone basal 73-6 ± 9-6 68 ± 104 87-2 ± 304 production (ng/testis/4 h) (5) (5) (5) hCG stimulated production 144-8 ± 48 139-2 ± 43-6 219-2 ± 660
(ng/testis/4 h) Gossypol at 20-30 mg/kg/day led to no significant change in serum testosterone (Table 5) . Nor was the basal or hCG-stimulated production of testosterone in vitro affected. There were no modifications in the amount of ABP in the caput epididymidis or in the production of testicular fluid by gossypol treatment.
Discussion
Administration of gossypol to rats for 34 days provoked disturbances in the biochemical composition of the epididymis. The epithelium did not appear to be damaged: the concentration of protein was not reduced and LDH, a marker of the cytoplasmic compartment and acid phospha¬ tase, a marker of the lysosomic compartment were both unchanged. Only the elements secreted into the epididymal fluid were decreased. This was the case regardless of whether the mechanism of secretion was by a process of uptake and concentration as for carnitine (Brooks, 1980) , of synthesis from glucose as for inositol (Beyler & Zaneveld, 1982) , or ionic movements as for potassium (Mann, 1975) . This reduction affected each of these elements to the same degree which suggests that the entire epididymal secretory process is affected. This might possibly explain the reduction in weight of the epididymides (see Table 1 ).
The reduction in epididymal secretion poses two questions: (1) could it be responsible for the reduction in the quality of epididymal spermatozoa which had been noted (breakage, immobiliz¬ ation) and (2) what is the mechanism which produces this fall in secretion? Epididymal fluid has a determinant role in the maturation of spermatozoa. The effect of each of the secreted elements on the spermatozoa is not clear. Nothing is known concerning the role of inositol and potassium whereas more information is available on carnitine which is concentrated in the fluid and pen¬ etrates the spermatozoa where it is transformed into acetylcarnitine. This transformation is correlated with the acquisition of motility by the spermatozoa (Jeulin et al, 1987) . It has been demonstrated that, even though the epithelial cells capture and concentrate carnitine, the passage of carnitine into the spermatozoa appears to occur by passive diffusion (Jeulin et al, 1987 (Hoffer, 1983; Radigue et al, 1988) . Furthermore, it is probable that this mitochondrial lesion makes the spermatozoa incapable of creating the acetyl radicals necessary for the synthesis of acetylcarnitine.
Why should the epididymal secretion be reduced? It is not possible to exclude completely a direct action of gossypol on the epididymis. However, there are several reasons to evoke the hypothesis that the Leydig and Sertoli control mechanisms might be disturbed. It is known that, in vitro, gossypol induces a decrease in Leydig (Lin et al, 1981) and Sertoli (Oko & Hrudka, 1984) functions. In fact our results prove that, in vivo, after 34 days of treatment there is no Sertoli deficiency: the level of ABP, which assures the transport of androgens in the epididymal lumen, is not modified and the production of testicular fluid, which is a further index of Sertoli function (Hagenäs & Ritzen, 1976; Jegou et al, 1983) , is also normal as it has previously been reported (Wong et al, 1984) . Furthermore, neither serum testosterone nor testosterone synthesis by the testis are decreased. It is therefore very unlikely that the reduction in epididymal secretion is a consequence of an involvement of Sertoli or Leydig functions.
The results of several authors indicate that, in animals and man, the reduction in the number of spermatozoa produced by the testis is accompanied by modifications of the biochemical compo¬ sition of the fluid. In the corpus epididymidis of the bull the reduction in spermatogenesis is accompanied by a 50% diminution in proteins and a 75% reduction in glycerophosphocholine (Gustafsson, 1966) . In man, inhibition of sperm production by a combination of medroxyprogesterone acetate + testosterone leads to oligozoospermia, then azoospermia with a concomitant reduction in seminal carnitine (Soufir et al, 1983) . These results seem to indicate that the presence of spermatozoa in the epididymis stimulates the production of certain components in the fluid and that this is relative to the number of spermatozoa. In this study, the reduction in the secretion of constituents of the fluid was of the same magnitude as that of the number of spermatozoa in the cauda epididymidis.
It must be stressed that treatment with gossypol does not cause the same effects as treatments with steroids. In the latter there is reduction in sperm production whereas with gossypol the production of spermatozoa is quantitatively unchanged (using doses of 20 and 25 mg/kg/day). However, during the course of epididymal transit there is lysis of spermatozoa which leads to the reduction observed in the cauda epididymidis.
Conclusive interpretation of the results needs further work. Nevertheless, the available data suggest that the structural alterations of spermatids and spermatozoa induced by gossypol could be responsible for the decreased number and motility and the morphological alterations of epididymal spermatozoa inside the epididymal lumen. We suggest that the reduction in epididymal secretion results from the decreased number of spermatozoa rather than from a direct action of gossypol on epididymal epithelium.
